Background: Atherosclerosis and thrombosis are the major manifestations underlying cardiovascular diseases (CVD), which are the leading cause of mortality and morbidity worldwide. Both result from an interaction between genetic and environmental risk factors. The goal of our study was to evaluate several polymorphisms identified as predisposing factors to atherosclerosis and thrombosis. Material and Methods: A series of 155 healthy unrelated individuals of Azorean origin were analyzed using the CVD StripAssay (ViennaLab Diagnostics, Austria) for the most established polymorphisms involved in blood coagulation (F2, F5, F13A1, FGB) , fibrinolitic system (SERPINE1), platelet adhesion (ITGB3), homocysteine metabolism (MTHFR), reninangiotensin system (ACE) and lipid metabolism (APOE). Results: No significant differences were observed in allelic frequencies when comparing our data to mainland Portugal. Group stratification according to the number of "increased" risk alleles, demonstrated that 116/155 (75%) individuals belong to the moderate risk group (5 -10 risk alleles). Conclusions: Although acknowledging the fact that the allelic states at the analysed loci lack predictive value, the fact that a high frequency of individuals presents at least 5 risk alleles (124/155; 80%) is important for the establishment of the appropriate preventive measures in the Azorean population.
INTRODUCTION
Cardiovascular diseases (CVD) are the leading cause of morbidity and mortality worldwide [1] . It comprises several complex disorders, in which dysfunction of the heart and blood vessels is established, and where genetic and environmental factors interplay. CVD are generalized disorders of the vascular tree, characterized by longterm atheroma plaque formation which culminates in atherothrombotic obstructive lesions leading to tissue damage. Atherosclerosis and thrombosis are the two manifestations underlying CVD. It is known that events such as endothelial dysfunction, inflammation, abnormal lipoprotein and homocysteine metabolism, as well as dysfunctional coagulation and fibrinolysis play a key role in the pathogenesis of CVD [2] . Genetic variations affecting the production, activity, bioavailability or metabolism of factors involved in these pathways can compromise physiologic balance in favour of atherosclerosis and thrombosis pathogenesis [3] . Polymorphic variations in several CVD susceptibility loci have been identified and extensively investigated worldwide. Their characterization increases the knowledge of the epidemiological representation of this important cluster of disorders and provides an important basis for its management.
Ischemic Heart Disease (IHD) is one of the phenoltypes associated with atherosclerosis; IHD presents a ~2-fold higher prevalence in the Azores islands (113.3/ 100,000 inhabitants), as compared to mainland Portugal (72.5/100,000 inhabitants) [4] . The impact of the genetic factors in the prevalence of IHD in the Azorean population is currently unknown. Aiming to elucidate the genetic profile of the Azorean population with respect to CVD susceptibility loci, the following mutations and polymorphism in healthy subjects from Terceira Island
The majority of risk variants for each of these polymorphisms are recognized genetic risk factors for several atherosclerotic phenotypes such as IHD, venous thrombosis (VT) and stroke [3, [5] [6] [7] [8] [9] .
Evaluation of the risk allele profile, in the Azorean population, and its comparison with other populations, namely in mainland Portugal, can enhance our understanding of the underlying the high prevalence of CVD (namely IHD) in the Azores. Furthermore, this study aims to contribute with data which could be used for defining regional preventive measures for the mitigation of CVD.
MATERIAL AND METHODS
Blood samples were obtained, after informed consent, from 155 apparently healthy unrelated individuals, 74 males and 81 females, aged between 30 to 91 years, having Azorean ancestry and living in Terceira Island (Azores, Portugal). Twelve SNPs in 9 CVD susceptibility genes were analysed using the CVD StripAssay, by the ViennaLab Diagnostics. The assay covered the following loci: F5 c.1691G > A and c.4070A
Allele and genotype frequencies were estimated for each locus. Conformity with Hardy-Weinberg equilibrium expectations (HW) was assessed using an exact test. Allelic frequencies observed in our population were compared with those reported for mainland Portugal [10] [11] [12] [13] [14] [15] [16] and several European and non-European populations [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , using an exact test of population differenttiation. For the polymorphic positions in F5 and MTHFR loci, gametic phase was estimated using a Bayesian test, by applying an ELB algorithm. Linkage disequilibrium (LD) was calculated using an exact test. The measure of LD used was the D/D max (|D'|) [30] . Haplotype frequentcies were performed by gene counting. The observed and expected frequencies obtained for MTHFR haplotypes were compared with data available for other populations [31] .
Individual risk profiles for the analysed CVD loci were determined in our sample by calculating, for each subject, the ratio between the number of risk alleles (defined as the allelic variant reported in the literature to increase the CVD risk) over the total number of alleles. Stratification by number of risk alleles was performed and each individual was then assigned to one of the following groups: Group 1 defined by ≤5 risk alleles (low risk); Group 2 defined by 5 to 10 risk alleles (moderate risk); and Group 3 defined by ≥10 risk alleles (high risk).
Statistical packages used were Arlequin, Genepop and SPSS software v.15.0 [32] [33] [34] . The criterion for statisticcal significance was p < 0.05.
RESULTS
Allele and genotype frequencies for the loci analysed in this study are shown in Table 1 .
All markers were in Hardy-Weinberg equilibrium. The F5 variant 1691A (FV Leiden) reached an allelic frequency of 1% in our sample; no homozygous for this variant was detected, and the heterozygous carriers (1691GA) represented 2% of the individuals analysed. Furthermore, in this locus, no homozigosity for the 4070GG polymorphism was detected. Similarly to the F5 locus, no homozigosity for the respective risk alleles was detected for F2 or APOE.
The most prevalent risk alleles observed in our sample were ACE D (61.3%), SERPINE1 (PAI-I) 4G (45.5%), MTHFR 1298C (32.6%) and MTHFR 677T (31%). Only 0.6% of the individuals had the combined F5 Leiden GA-F2 GA or F5 Leiden GA-MTHFR TT genotype; 1.3% had the combined F2 GA-MTHFR TT genotype. No combined homozygous for the risk alleles at the two polymorphic positions of the MTHFR locus were observed. The frequency of combined heterozygous carriers (677CT-1298AC) in the MTHFR gene was 23%. Linkage disequilibrium (LD) analysis was performed for the two polymorphic positions, at the F5 and MTHFR loci ( Table 2) . A strong LD between the two MTHFR polymorphism was confirmed (|D'|=1; p < 0.001) and comparison of the haplotype frequencies at this locus demonstrated that our sample was significantly different from other European, African, Chinese as well as American samples (p < 0.001). When comparing the allelic frequencies obtained in this study with those reported for mainland Portugal, no significant differences were observed (Figure 1) . The differentiation tests also failed to disclose major differences between our sample and any of the other European samples used for comparison (data not shown).
The frequency distribution of risk alleles in our sample, and their stratification into three groups (low/moderate/high), is shown in Figure 2 . All individuals carried at least four risk alleles, while the majority (N = 42/155; 27%) presented with seven risk alleles. No individuals with more than eleven risk alleles were identified. The vast majority of individuals (116/155; 75%) belong to the moderate risk group (5 -10 risk alleles), according to our stratification. 
DISCUSSION
Polymorphic variation at several loci, namely at those analysed in this study, are known to modulate the risk of CVD. The knowledge of the genetic profile of any given population with respect to such loci is therefore considered important to explain its particular spectrum and prevalence of CVD manifestations. Based on our stratification criteria, 31/155 (20%) of Azorean subjects were found to be at low, 116/155 (75%) at moderate and 8/155 (5%) at high inherited number of risk alleles in susceptibility CVD loci. Although acknowledging the fact that the allelic states at these loci lack predictive value, such information can nevertheless be useful for pinpointing individuals which are at an increased risk for CVD and for whom appropriate preventive measures can be provided (e.g. anti-coagulation therapy) in known at-risk situations such as hospitalisation.
No significant differences were identified in allelic frequencies between our population and other European populations (including Mainland Portugal), which could explain the particularly high prevalence of some forms of CVD in the Azoreans. However, some loci have shown particular aspects. To the best of our knowledge, Azoreans have the lowest frequency of the FGB-455A risk variant (17.4%) described for Europeans; its prevalence in other European countries varies from 18% -22%. Although the frequency of the MTHFR 677T risk allele reached 31% (similarly to other European and Caucasian populations) the frequency of the homozygous TT genotype in Azores (7.8%) was one of the lowest reported in Europe.
Synergistic effects amongst the variants encoded by the genes analyzed are known to impact in the prevalence of CVD [2] . Homozygosity or compound heterozygosity for the F5 and F2 risk alleles, as well as the presence of these mutations combined with the MTHFR 677TT genotype, were shown to be associated with a highly significant increase of the odds of presenting VTE [35] . In a previous study of three thrombotic risk loci in São Miguel Island (Azores), Branco and collaborators [36] found individuals with the F2 GA-MTHFR TT to represent only 0.4% of their sample while in our study this value was 3-fold higher (1.3%). On the other hand, only 0.6% of our subjects were F5 GA-MTHFR TT, as compared to 3.2% observed by Branco et al. [36] .
Several reports have shown that the two MTHFR SNPs (677C > T and 1298A > C) are in LD in various populations [31, 37, 38] . These SNPs were also confirmed as being in LD in our study. Resembling previous findings by van der Put et al. [39] , the 677T and 1298C alleles are presented in trans configuration in our population.
The effect of genetic variants, like the ones analysed here, on the risk to develop CVD will certainly interact with other, non-genetic risk factors, such as smoking, gender, age and diet. Notwithstanding, knowledge concerning the overall profile and stratification of Azoreans for susceptibility loci should be useful, both individually and at the population level, aiming to mitigate the morbidity and mortality due to CVD.
